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POWER FET WITH SHIELDED CHANNELS 

BACKGROUND OF THE INVENTION 

The present invention relates to power transistors of 
the vertical type, principal examples of which are metal 
oxide silicon ?eld effect transistors (hereinafter MOS 
FETs) and insulated gate bipolar transistors (hereinafter 
IGBTs). 

Transistors of this type having various geometries are 
disclosed, for example, in US. Pat. Nos. 4,823,176 and 
5,008,725. 
One of the limiting factors associated with known 

MOSFET and IGBT structures is the tradeoff which 
exists between gate oxide thickness, threshold voltage 
and the slope of the V-l characteristic. Speci?cally, in 
order to lower the threshold voltage the thickness of 
the gate oxide layer must be reduced and/ or the impu 
rity concentration in the channel region must be re 
duced. However, if the impurity concentration in the 
channel region is too low, the dependency of the drain 
current on drain voltage will increase, i.e. the current vs 
voltage characteristic will have a larger proportionality 
constant. This is because the depletion region will then 
partially extend into the channel region and thus lower 
its resistance. This is commonly referred to as the “short 
channel effect” and presents particular problems in 
devices with shallow junctions. Therefore, in the case 
of such devices, it is necessary to reduce the thickness of 
the gate oxide layer, and this gives rise to other prob‘ 
lems due to the fact that it is more dif?cult to manufac 
ture a thin gate oxide layer and such a thin layer gives 
rise to a reduced gate rupture voltage. 
Another aspect of the above-noted tradeoff is that, all 

other factors being equal, an increase in breakdown 
- voltage is associated with an increased on-resistance. 

Another problem associated with prior art devices of 
this type is that their breakdown voltage is dependent 
on the structure present at their edges. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to im 
prove the operating characteristics of such power de 
vices. 
A more speci?c object of the invention is to lower the 

threshold voltage of such devices while maintaining a 
suf?ciently high breakdown voltage, or to increase 
their breakdown voltage while maintaining a satisfac 
tory threshold voltage level. 
A further speci?c object of the invention is to lower 

the on-resistance of such devices. 
Still another speci?c object of the invention is to 

improve the breakdown voltage of such a device at its 
edges. 
Another speci?c object of the invention is to reduce 

the dependency of source-to-drain current on drain 
voltage of such devices. 
The above and other objects are achieved, according 

to the present invention, in a power FET composed of 
a substrate having upper and lower surfaces and having 
a semiconductor body providing a current ?ow path 
between the upper and lower surfaces and having at 
least one body region of a ?rst conductivity type which 
extends to said upper surface; and at least one base 
region extending into the substrate from the upper sur 
face, the base region being of a second conductivity 
type opposite to the ?rst conductivity type, the base 
region being at least partially disposed in the current 
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2 
?ow path and having at least two portions between 
which the at least one body region extends, and the 
FET further having an insulated gate disposed at the 
upper surface above the body region, by providing the 
substrate with a shielding region of the second conduc 
tivity type extending into the at least one body region 
from the upper surface, at a location below the gate 
electrode and enclosed by the base region portions, and 
spaced from the base region by parts of the body region 
of the ?rst conductivity type. 
The objects according to the invention are further 

achieved by the provision, at the peripheral edge of the 
substrate of such a device, of a second shielding region 
of the second conductivity type extending into the body 
region from the upper surface of the substrate and ex 
tending along the peripheral edge. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a cross-sectional view of a power FET 
according to a preferred embodiment of the present 
invention. 
FIG. 2 is a pictorial plan view illustrating one device 

geometry to which the invention is particularly applica 
ble. 
FIG. 3 is a cross-sectional view illustrating the edge 

region of a device according to the present invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

FIG. 1 is a cross sectional view of a portion of a 
MOSFET fabricated in accordance with the present 
invention. The type of MOSFET to which the inven 
tion is particularly directed is a power FET which is 
employed to produce a controlled current flow in a 
vertical direction between source and drain electrodes 
disposed at the top and bottom, respectively, of a semi 
conductor chip. 
The MOSFET is constituted by a semiconductor 

substrate and the illustrated embodiment is an N chan 
nel device. It will be appreciated that the invention may 
be applied to P channel devices. 

In the illustrated embodiment, the substrate has an 
N- body 2 in which is formed, at the surface 4 of the 
substrate, at least one P conductivity base region 6. The 
Fet may have a plurality of individual base regions 6 or 
one base region 6 having the form of a lattice. 

Adjacent substrate surface 4, body 2 is given an N 
conductivity. A PN junction 8 is created between body 
2 and region 6 and the part of region 6 adjacent both 
surface 4 and junction 8 constitutes the channel region 
10 where switching of the MOSFET is controlled. 
An N+ conductivity emitter, or source, region 12 is 

formed in region 6 to define the end of channel region 
10 which is remote from junction 8. Region 12 extends 
along the entire horizontal periphery of junction 8. The 
central part of region 6 is doped to have P+conduc 
tivity. 

Surface 4 is covered with an insulating layer 14, 18 of 
Si02, polycrystalline silicon gate regions 20 and a 
§oron Ehosphorous §ilicon glass (BPSG) layer 22. 
Gate regions 20 and BPSG layer 22 are disposed above 
the locations where body 2 extends to surface 4. In 
addition, regions 20 and layer 22 extend across channels 
10 and layer 22 terminates on regions 12 so that a source 
metal layer 24 deposited on layer 22 will contact re 
gions 12 and the P+conductivity parts of base regions 
6. . 
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According to the invention, body 2 is provided, at 
each location where it extends to surface 4, i.e. under 
each part of gate electrode 20, with a lightly doped, P 
channel shielding region 30. 
The structure shown in FIG. 1 may be part of a vari 

ety of insulated gate power devices. For example, if 
body 2, which is of N’ conductivity, is disposed on an 
N+ region, with a drain electrode layer attached to the 
N+ region, the device would be an ordinary MOSFET. 
If, in contrast, body 2 is located above a layer structure 
composed of a P+ layer, or an N layer followed by a 
P+ layer, again with a drain electrode secured to the 
exterior surface of the layer structure, the device would 
be a COMFET, also known as an IGBT or a MOSFET 
with anode region. 
The structure shown in FIG. 1 may be fabricated 

according to standard integrated circuit technology, 
employing the following sequence of steps: 

an N‘ layer is grown epitaxially on the surface of a 
semiconductor substrate up to a surface to form the 
lower part of body 2; 

then a P- layer is grown epitaxially on the N" layer; 
then, a patterned SiO; layer 14 is produced in a con 

ventional manner, i.e. by a sequence of steps involving 
deposition of a continuous SiO; layer masking, selective 
etching of the SiOg, and removal of the mask material; 

then, an N type impurity is diffused into the P- layer 
outside of the regions covered by patterned layer 14, in 
a concentration sufficient to change the conductivity of 
the diffused region from P'- to N. The N type impurity 
is diffused down to at least the n- layer. The P- regions 
which then remain constitute shielding region, or re 
gions, 30; 

then, SiOz layer 18 and polycrystalline silicon layer 
20 are deposited in sequence through openings in a 
single patterned mask (not shown), which mask is then 
removed; 

using patterned layers 18 and 20 as a mask, implanta 
tion and diffusion are performed in order to create P 
conductivity base regions 6. This may be a double im 
plantation and diffusion which produces a P+ region 
near the surface of base regions 6. Since the second 
diffusion will be to a substantially smaller depth than the 
?rst diffusion, the P+ region will not have any signi?~ 
cant lateral extent under the mask provided by layers 18 
and 20. The N conductivity regions remaining adjacent 
surface 4 after diffusion of P conductivity impurity 
material constitute regions of body 2; 

a temporary mask (not shown) is then formed, by the 
selective procedure described above, at surface portions 
of base regions 6 spaced from layers 18 and 20, after 
which N conductivity material is implanted or diffused 
into the exposed surface regions to form N+ regions 12; 

a BPSG layer is then deposited and selectively etched 
to create layer 22; 

finally, all masking material is removed and the entire 
surface is covered with source metal layer 24. 

It might be noted that devices could be constructed 
according to the present invention with the two con— 
ductivity types interchanged. 
As regards the topography of a device incorporating 

the present invention, any topography employed for 
vertical power transistors could be employed. By way 
of example, the surface of the transistor could be of the 
type provided with a plurality of isolated base regions 6 
with gate electrode 20 having a lattice pattern and sur 
rounding base regions 6, as disclosed in U.S. Pat. No. 
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4 
5,008,725. Such a pattern is also illustrated in FIG. 2 of 
the present application, which will be discussed below. 

Alternatively, the structure could be composed of a 
plurality of spatially separated gates 20 surrounded by a 
network or grid connecting all of the base regions 6 
together. In this case, the isolated portions of layer 18 
and gate 20 could be connected together by narrow 
bridges of the materials constituting layers 18 and 20, as 
represented by broken lines in FIG. 1. As an alternative, 
gates 20 would be connected together by an additional 
layer of metallization which would increase the com 
plexity of the overall device. A structure of this type, 
known in the art as an atomic lattice layout, is disclosed, 
for example, in US. Pat. No. 4,823,176. 
The structure according to the present invention 

differs fundamentally from the known structures of this 
type by the provision of lightly doped regions 30 in 
body 2 at locations where body 2 extends to the sub 
strate surface 4, regions 30 thus having, in the embodi 
ment described above, a P " conductivity. 
Regions 30 serve to shield channel regions 10 from 

the drain voltage and, particularly when the device is 
constructed with isolated base regions 6 enclosed by a 
gate electrode 20 in the form of a grid as shown in FIG. 
2, serve to shield the depletion region from the curva 
ture of base regions 6 as well as from heavily doped 
portions at neck regions 34 of the gate grid. 
By shielding the channel regions 10 from the drain 

voltage, the source-to drain current can be made less 
dependent on the drain voltage than in prior art struc 
tures. 

Because of the shielding provided by the P- regions 
30 in the structure according to the present invention, 
the channel region 10 can be more lightly doped with 
out giving rise to the short channel effect. This, in turn, 
enables devices according to the invention to be made 
to have lower threshold voltages and thicker gate insu 
lation layers 14, 18 than could be achieved with the 
prior art structures. 
Another advantage offered by the present invention 

is the possibility of establishing a higher breakdown 
voltage for a given on-resistance, or, conversely, a 
lower on-resistance for a given breakdown voltage. 
This occurs because the depletion region which tra 
verses junction 8 is shielded by regions 30 from the 
curvature of the edges of the base regions 6, particularly 
if the device has the surface geometry shown in FIG. 2. 
For example, MOSFETs currently made with this ge 
ometry and with a drain region resistivity of 15 ohm 
cm, have a breakdown voltage of only 550 V, rather 
than the value of 700 V which this material could theo 
retically exhibit if the junctions were planar. With the 
structure according to the present invention, the same 
550 V breakdown voltage can be achieved with a thin 
ner body 2, and with a drain material having a lower 
resistivity, resulting in a signi?cant reduction in on 
resistance. 
The added channel shielding region 30 according to 

the present invention permits further reductions in onre 
sistance to be achieved by permitting the N conductiv 
ity regions of body 2 which are located adjacent surface 
4 to be more heavily doped than has heretofore been the 
practice. In prior art structures, the dopant concentra 
tion in these portions of body 2'is limited by its effect on 
breakdown voltage. In effect, as the doping of these 
regions increases, the associated depletion region be 
comes thinner, and, as a result, the breakdown voltage 
decreases. 
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The lightly doped regions 30 according to the present 
invention form a guard element which allows a heavier 
concentration of N dopant to be provided in the regions 
of body 2 which extend laterally between regions 30 
and base region 6. The heavier N doping at these re 
gions is most effective to reduce on-resistance. This 
effect is particularly advantageous in structures where 
the gate electrode is in the form of a network, or mesh, 
as shown in FIG. 2, because in these structures, the 
regions 34 where three of four legs of the gate electrode 
structure meet are the areas which have the greatest 
in?uence on breakdown voltage and which, at the same 
time, contribute least to current ?ow. 

In the device according to the present invention, the 
centers of these regions 34 are ?lled with the P- shield 
region 30 which enhances breakdown voltage. Thus N 
conductivity regions of the parts of body 2 adjacent 
surface 4 are concentrated adjacent the channel regions 
at locations which can carry current without degrading 
the breakdown voltage characteristic of the device. 

In preferred embodiments of the invention, lightly P 
doped regions 30 preferably have a dopant concentra 
tion which varies between a value approximately equal 
to, and a value twice as great as, that originally im 
parted to epitaxial body 2, in terms of number of dopant 
ions/cm3. The vertical extent of regions 30, between 
surface 4 and the interface between region 30 and re 
gion 2 is between 80% and 120% of the vertical extent 
of base region 6, between surface 4 and the interface 
between region 6 and region 2. If the vertical extent of 
regions 30 is somewhat less than that of region 6, the 
on-resistance of the device is improved. If the vertical 
extent of regions 30 is somewhat greater than that of 
region 6, the breakdown voltage of the device is im 
proved. It presently appears that performance of the 
device will be optimized if the vertical extent of regions 
30 is substantially equal to that of base region 6. 
As an alternative to the fabrication procedure de 

scribed earlier herein, the device shown in FIG. 1 could 
be produced by the following initial steps: 

the substrate extends to surface 4 and initially has N 
conductivity; 

a P“ layer is formed in the substrate by implantation 
or diffusion, down to level 3; 

then steps described earlier, starting with production 
of layer 14, are performed. 

In accordance with a further feature of the present 
invention, the edge breakdown voltage of a device can 
be increased by disposing, as shown in FIG. 3, a P 
region 30 adjacent the device edges 38 to form a hori 
zontal P- /N- junction 40 which can support a higher 
voltage in less space than the currently used guard ring 
type of edge protection. In embodiments of the inven 
tion, the P- region 30 adjacent the edges is separated 
from the edges by a double diffused N conductivity 
structure including an N doped layer 42 and an N+ 
doped layer 44. The P conductivity region 6 shown to 
the right of region 30 is the base region portion located 
at the periphery of the FET. As shown, BPSG passi 
vant 22 is provided adjacent device edge 38 and source 
metal layer 24 terminates at some distance from edge 38. 

In the operation of a device according to the present 
invention, as the gate voltage is varied in a direction to 
block conduction, depletion regions begin to appear 
around junctions 8 and as the gate voltage approaches 
that required to effect turn off, the extent of the deple 
tion region at each side of the junction increases. Com 
plete turn off requires that the depletion regions extend 
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6 
completely across the N conductivity body regions 
beneath gate electrodes 20. With the construction ac 
cording to the present invention, as soon as the deple 
tion regions contact shield regions 30 the entire shield 
region immediately assumes the same potential as the 
adjacent body regions, so that a more rapid turn off 
occurs in response to a comparatively small gate volt 
age variation. When such tum off condition is created, 
the electric ?eld is associated with relatively ?at equi 
potential lines, such as shown at 50. Under these condi 
tions, the intensity of the electric ?eld in the substrate is 
reduced, allowing the device to support higher break 
down voltages. 

In preferred embodiments of the invention, the verti 
cal edges of shield regions 30 extend substantially paral 
lel to the portions of junctions 8 which face those verti 
cal edges, so that a constant spacing exists therebe 
tween. In typical power FET devices, the spacing be 
tween the vertical edges of regions 30 and the facing 
portions of junctions 8 could be of the order of 4 mi 
crons. 

While the description above refers to particular em 
bodiments of the present invention, it will be under 
stood that many modi?cations may be made without 
departing from the spirit thereof. The accompanying 
claims are intended to cover such modi?cations as 
would fall within the true scope and spirit of the present 
invention. 
The presently disclosed embodiments are therefore to 

be considered in all respects as illustrative and not re 
strictive, the scope of the invention being indicated by 
the appended claims, rather than the foregoing descrip 
tion, and all changes which come within the meaning 
and range of equivalency of the claims are therefore 
intended to be embraced therein. 
What is claimed: 
1. In a power FET composed of a semiconductor 

body having upper and lower surfaces and providing a 
current ?ow path between the upper and lower sur 
faces, said body having a body region of a ?rst conduc 
tivity type which extends to said upper surface; and a 
plurality of base regions extending into the body from 
the upper surface, the base regions being of a second 
conductivity type opposite to the ?rst conductivity type 
so that a PN junction exists between each of said base 
regions and said body region, the base regions being at 
least partially disposed in the current flow path and said 
body region having the form of a grid surrounding said 
base regions, and the FET further having an insulated 
gate in the form of a grid disposed at the upper surface 
above the body region, the improvement wherein said 
substrate further has a shielding region of the second 
conductivity type extending into said body region from 
said upper surface, at a location below each part of said 
gate electrode and enclosed by said base regions, and 
spaced from said base regions by parts of said body 
region of the ?rst conductivity type, and wherein said 
shielding region has edges which extend transversely to 
said upper and lower surfaces and each said PN junc 
tion has a portion which faces, and has a constant spac 
ing from, a respective transversely extending edge of 
said shielding region. 

2. The FET as de?ned in claim 1 further comprising 
an emitter region of the ?rst conductivity type extend 
ing into each said base region from said upper surface 
and spaced from said pn junction of the associated base 
region so that each said base region de?nes, between 
said pn junction and said emitter region and adjacent 
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said upper surface, a channel having an effective con 
ductivity which is varied to control current flow 
through said FET. 

3. The FET as de?ned in claim 2 wherein said shield 
ing region extends below said upper surface to a depth 
which is between 80% and 120% of the depth of each 
said base region. 

4. The FET as de?ned in claim 3 wherein the depth 
to which said shielding region extends is substantially 
equal to the depth of each said region. 

5. The FET as de?ned in claim 1 wherein said body 
comprises a ?rst layer of the ?rst conductivity type and 
an epitaxial layer of the second conductivity type 
grown on said ?rst layer, said shielding region and said 
base regions are constituted by parts of said epitaxial 
layer, and said epitaxial layer is provided with a region 
which is located between said parts and which is doped 
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to be of the ?rst conductivity type and to constitute a 
portion of said body region. 

6. The FET as de?ned in claim 1 wherein said sub 
strate has a peripheral edge and a second shielding re 
gion of the second conductivity type extending into said 
body region from said upper surface and extending 
along said peripheral edge. 

7. The FET as de?ned in claim 6 wherein'said second 
shielding region is spaced from said peripheral edge and 
said substrate further has a doped edge region of the 
?rstconductivity type contacting said second shielding 
region and extending between said second shielding 
region and said peripheral edge. 

8. The FET as de?ned in claim 7 wherein said doped 
edge region has a double diffused structure. 
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